Abstract. 2014 We demonstrate that the spin relaxation rates in gaseous spin-polarized atomic hydrogen exhibit large exchange corrections. The experimentally observed nuclear relaxation rates should be considered as a clear experimental proof of the boson character of atomic hydrogen. We have calculated the relaxation rates for the b ~ a and for the b ~ c processes.
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Spin-polarized atomic hydrogen (H!) is commonly envisioned as probably the purest example of a weakly interacting Bose gas [1] . Employing the well-known Ehrenfest-Oppenheimer argument one infers that Hi should obey Bose statistics because it consists of an even number of tightly bound fermions [2] . As the most spectacular features of quantum many-body systems show up in the neighbourhood of their degeneracy temperatures much experimental effort is focused on increasing the density of this gas up to values where Bose-Einstein condensation should occur. Although the statistical nature of the gas is of obvious importance to the experimental activity it is remarkable to note that to our knowledge no experimental evidence for the boson nature of Hi exists, yet the limits of validity of the statements concerning the statistical nature of composite particles has attracted theoretical attention over the years, both for the general case as well as in particular for the H-atom [3] [4] [5] [6] .
In this Letter we analyse the requirements for the boson nature ofHJ, to show up in experiments. We compare the theory of magnetic dipolar relaxation with experiment and show that the current level of experimental accuracy is adequate to establish the bosonic nature ofH!. We find that the indistinguishability of the HJ, atoms gives rise to a large exchange correction which is in addition insensitive to the exact form of the potential over a wide range of temperatures. These features make dipolar relaxation a very clean property, in contrast to potential scattering, where the details of the potential are important.
HJ, is a gas with atoms in two hyperfine states : the mixed ground state I a &#x3E; &#x3E; + s I iT &#x3E; and the pure spin state I b &#x3E; = I ! ¡ &#x3E; (here T and 1 are electron and nuclear spin 1 /2 projections, and in high magnetic field, E ~ al4 Jlø B is the hyperfine mixing parameter with a the hyperfine constant and B the magnetic field). The b -+ a relaxation rate in the gas phase was measured by several groups to good precision [7] [8] [9] [10] .
Recently the first experimental observation of b c relaxation was reported (c is an electronic « up » spin state : I T I &#x3E; + e I ! 1 &#x3E; [10] [11, 12] or with a simple excluded-volume approach [13] . To analyse the dependence on statistics we calculated the b ~ a and b -~ c relaxation rates for both the boson and fermion case for T 1 K using the excluded volume approach. In addition we have performed DWBA calculations to check the insensitivity of the results to the exact form of the potential. The only previous work with explicit numerical results and the inclusion of the finiteness of the energy separation between the a and b level is the work of Ahn et al. for bosons [12] . Our boson results are in good agreement with their work, but we have extended the calculations over a larger temperature range.
To observe phenomena associated with the statistical nature of (composite) particles one has to create the conditions in which quantum mechanical interference effects of properly symmetrized wavefunctions lead to different values for observables than for non symmetrized wavefunctions. The densities at which these exchange effects become important depend strongly on the specific observable being studied and more particularly with the length-scale which may be associated with the observable.
To observe deviations from the p = nkT law in an ideal Bose gas one requires densities where the mean separation between the bosons is of the order of the thermal wavelength. For spin zero bosons with.mass 1 this implies densities n &#x3E; 6 x 10~/cm~ for T = 100 mK. With real hydrogen atoms one has to be careful with such an analysis. In principle the statistical nature would also show up at lower densities as quantum corrections on the scattering contributions to the virial coefficients but these effects would be difficult to observe [14] [12] . In the calculation the difference between bosons and fermions is reflected in the occurrence of only even or only odd I values in the matrix elements of { Rql }.
In figure 1 we present the results for G~_~ using the excluded volume approach and the DWBA for a magnetic field of 8 T and temperatures below 1 K. In the same figure we have plotted the experimental data from several groups [7] [8] [9] [10] . Neither in the excluded-volume approach nor in the DWBA the results can be presented in closed form.
Results at different magnetic fields can be scaled with the factor (1 + eYe/Yp)2. Scaling with this factor introduces an inaccuracy of 1 % at 500 mK which is slowly increasing to 7 % at 20 mK due to the dependence of the NMR frequency Qb-+a on the magnetic field Inspection of figure 1 demonstrates beautifully that the experimental data give very strong support for the boson character of Hi. Given the insensitivity of the results to the actual form of the potential we consider the nuclear relaxation rate in the gas phase ideally suited to probe the [7] , D reference [8] , 0 reference [9] , a reference [10] . All results are scaled to 8 tesla where necessary. figure 1 . The experimental data are from reference [11] .
boson character of Hi. Note that the data points tend to lie below the « boson » line. We believe this to be due to experimental inaccuracies.
Recently the b -+ c relaxation was observed [10] . This process has been discussed by Kagan et al. [16] but their results are not explicit enough to enable detailed comparison with experiments. We have calculated this process both in the excluded-volume approach and using the triplet potential. The difference between the two is about 30 %. It is interesting to note that there is a large exchange contribution ( ~ 50 %) of opposite sign compared to the b -~ a relaxation. The DWBA results could be fitted to the form Gb-+c exp(~ ~ BlkB T) = 9.7 x 10-16 cm3 s! 1 in the temperature range around 0.71 K and magnetic field range 6 T B 8 T. The exponential dependence comes from the Boltzmann factor expressing the probability that high-energy fluctuations are present in the translational degrees of freedom. In figure 2 we plot the total depopulation rate of the b level, which is the sum of the b -+ a and b -~ c rates, on such a scale that in the absence of b -~ c relaxation a straight line would result. The deviation of this straight line represents the b -+ c relaxation process. The experimental data of reference [10] are also shown in figure 2 . It is clear that the data show the effect of the b -+ c relaxation. The accuracy of the experimental data is not sufficient to distinguish between Bose and Fermi behaviour.
